TRANSLATION  NO.  ^  c  S 


DATE : 


D  D  C 

-i  ■'  *■  '■‘““I  (“"N 

ni 


FEB  2  7  1969 


U  LJdJ 


Tin;.  <i  ,  -  <  p;.«ioved 

loj  ;  '  ■  1  ;  '<•:  i»* 

(3’n:‘nJ-)Uti  ni  ...  1 1  . d 


DEPARTMENT  OF  THE  ARMY 
Fort  Del  rick 
Frederick,  Maryland 


PHASE  REVERSAL  IN  EMULSIONS 
L.  Ya.  Kremnev  and  N.  I.  Kuibina 


& 

CO 

'uO 

00 

■■i-' 

-  4 
xyt 

O 

o 


i 


The  mechanism  of  phase  reversal  in  emulsions  is  generally  atributed  to  the  necessity  for  the  transformation  of 
a  hydrophilic  into  an  oleophilsr  stabilizer,  or  conversely.  However,  the  reversal  of  o/w  type  emulsions  into  the"  w/o 
type  occurs  under  the  influence  of  univalent  cations,  which  do  not  affect  the  surface-active  properties  of  the  typical 
stabilizers  for  direct  emulsions  -  the  alkali  soaps  [1], 

A  much  closer  approach  may  be  made  to  a  s  "utlon  of  this  problem  by  a  consideration  of  the  results  of  our 
systematic  study  of  direct  and  reverse  emulsions  of  maximum  concentration  [21.  It  was  found  that  to  determine  the 
possibility  of  formation  of  an  emulsion  of  a  given  type  it  is  insufficient  to  have  information  concerning  the  hydro¬ 
philic  or  oleophilic  nature  of  the  stabilizer  with  respect  tc  two  immiscible  pure  liquids  (the  mode!  case).  In  general, 
the  type  of  the  stable  emulsion  formed  is  determined  by  the  properties  of  the  liquids  in  contact  within  it,  one  of 
which  may  be,  for  example,  an  aqueous  salt  solution.  A  stable  emulsion  is  formed  when  a  continuous  adsorptior.al- 
solvation  layer  is  produced  on  the  outer  surface  of  the  droplets,  and  for  this,  according  to  the  independent  surface 
action  principle,  one  of  the  liquids  in  the  emulsion  shnn'^  predominately  aolvate  either  the  polar  or  the  nonpolar  por¬ 
tions  of  the  stabilizer  molecules.  In  the  case  of  two  pure  liquids  -  water  and  benzene-  the  molecules  of  alkali  soap 
adsorbed  on  the  droplet  surfaces  are  ensured  considerable  hydration  of  the  polar  groups  by  water.  The  thickness  of 
the  solvation  layers  then  predominates  on  the  water  side,  and  o/w  type  emulsion  is  stabilized.  Electrolytes  in  suffic¬ 
ient  concentration  dehydrate  the  polar  groups  of  the  soap  molecules,  which  leads  to  predominate  solvation  of  the  hydro¬ 
carbon  chains  of  the  soap  molecules  and  their  independent  surface  'ction.  In  these  conditions  emulsions  of  the  w/o 
type  are  stabilized. 

If  this  is  so,  no  difficulties  are  presented  by  phase  reversal  In  direct  and  reverse  concentrated  emulsions  by 
setting  up  in  them  some  given  concentration' of  alkali  cations  of  the  lime  nature  as  the  soap  cations.  The  following 
experiments  were  performed  for  this  purpose.  By  shaking  in  a  cylinder,  a  stable  emulsion  of  the  o/w  type,  containing 
equal  volumes  of  benzene  and  aqueous  soap  solutio,..  was  obtained.  Dry  salt  was  then  added  to  the  emulsion,  after 
which  the  emulsion  was  again  shaken  till  the  jail  dissolved  completely.  The  advantage  of  using  dry  electrolyte  in¬ 
stead  of  an  aqueous  solution  is  that  its  action  Increases  gradually  and  comparatively  regularly  as  solution  proceeds. 

On  the  other  hand,  addition  of  a  concentrated  salt  solution  lead',  to  the  formation  of  clots  of  the  salted-out  soap, 
which  are  difficult  to  disperse,  and  makes  reproducible  results  difficult  to  obtain.  The  type  of  emulsion  was  deter¬ 
mined  microscopically  by  dyeing  with  Sudan  ILL  and  also  by  dilution  of  the  emulsions  by  water  and  benzene. 

In  a  large  series  of  experiments,  the  following  was  Invariably  observed.  As  the  salt  concentration  increases, 
an  emulsion  of  the.  o/w  type  becomes  increas  ngly  unstable,  and  at  a  critical  concentration  of  “lectrolyte  it  is  usually 
destroyed  and  separates  into  two  layets.  Further  increase  of  the  silt  content  leads  to  the  formation  of  first  an  unstable 
and  then  a  fully  stable  emulsion  of  the  w/o  type.  Tire  reversed  emulsion.  In  rum,  can  eaJly  be  converted  into  the 
original  stable  emulsion  of  the  o/w  type.  If  aqueous  solution  of  the  stabilizer  1$  added  to  it  with  shaking  In  these  ex¬ 
periments  the  aqueous  solution  lowest  the  electrolyte  concentration  below  the  critical  value,  which  causes  phase  re¬ 
versal. 

Tables  1  and  2  give  some  results  of  experiments  with  emulsions  stabilized  by  aqueous  solutions  of  sodium  oleate. 

The  phases  are  reversed  similarly  In  emulsions  with  ammonium  and  triethanolamine  oleates.  Table  3  gives 
the  critical  values  of  concentration*  of  salts,  which  precede  phase  reversal,  at  which  the  emulsions  are  destroyed  or 
become  very  unstable. 

These  results  show  that  the  critical  concentration  of  salts  in  phase  reversal  has  a  practically  constant  value 
(0.25-0.3  mole/1)  which  does  not  v  spend  on  die  nature  of  the  added  electrolyte  or  the  properties  of  the  stabilizer. 

The  same  salt  concentration  is  maintained  abo  at  different  contents  of  the  stabilizer  in  th  xqueous  solution.  For 
example,  in  the  concentration  range  from  0.1  to  0.6  mole/'l  for  aqueous  solutions  of  sodium  ornate,  the  critical 
concentration  of  NaCl  in  our  experiments  was  0.26-0.28  rnoie/1. 

On  turning  to  data  on  stabilization  ot  concentrated  emulsion*  of  the  w/o  type  by  alkali  soaps  (3’  we  see  that 
as  die  salt  concentrations  Indicated  above,  -*  Wft  of  the  i tab! User  is  salted  out  of  the  aqueous  solution,  after  which. 
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TABLE  1 


TABLE  2 


Reversal  of  Emulsion  Phases  by  Means  of  NaCl.  Con-  Reversal  of  Emulsion  Phases  by  Means  of  Na^SO^. 

centration  of  Sodium  Oleate  _0.3  mole/1  Concentration  of  Sodium  Oleate  -0,3  mole/1 


Concentra¬ 
tion  of  NaCl 
in  mola/1 

Emulsion 

»yp« 

Stability  of  emulsion 

Concentration  1 
of  Na,SOt  in  j 
mole/1 

Emulsion  ! 
type-  ; 

Stability  of  emuhien 

t.08 

o/w 

Stable 

0.11 

o/w 

Stable 

0.17 

o/w 

Unstable 

0.15 

o/w 

Stable 

0.25 

""  j 

Destroyed 

0.1? 

o/w 

Unstable 

0,34 

w/o 

Unstable 

0,26 

— 

Destroyed 

0.42* 

w/o 

Stable 

0.28 

W/O  ! 

Unstable 

0.34* 

w/o  1 

Unstable 

0.31 

w/o  ! 

Unstable 

0.25* 

- 

Destroyed 

0.35* 

;  W/O 

;  Stable 

0.17* 

o/w 

Unstable 

0.28* 

w/o 

i  Unstable 

0.14* 

o/w 

Stable 

0,25* 

w/c 

■  Uns'able 

-  - 

0.23* 

Destroyed 

•  Decrease  of  salt  concentration  by  supplementary 

0,14* 

o/w 

Unstable 

addition  of  soap  solution. 

0.10* 

o/w 

Stable 

on  further  Increase  of  electrolyte  concentration,  condl-  »  Decrease  of  salt  concentration  by  supplementary 

lions  are  created  for  the  formation  of  a  reverse  em  '  addition  of  reap  solution, 

s..  ,i.  At  concentrations  of  electrolyte  below  the  critical, 

at  which  she  degree  of  salting-out  of  the  soap  Is  still  Insufficient,  direct  emulsions  are  still  stabilized.  Thus,  elec¬ 
trolytes  have  an  effect  of  the  same  type  on  emulsions  of  any  concentration.  When,  then,  determines  the  emulsion 
type  In  our  experiments?  We  base  our  answer  to  this  question  on  the  fact  that  one  of  the  main  purposes  of  the 
stabilizer  is  a  substantial  Increase  of  the  cohesion  setween  unlike  liquid*  with  the  aid  of  diphilic  surface-active 
molecules,  the  polar  and  nonpolar  portions  of  which  are  simultaneously  and  independently- solvated  at  the  interphasc 
surface  by  the  disperse  phase  and  the  dispersion  medium  of  she  emulsion.  As  was  shown  by  out  study  of  direct  and 
reverse  emulsions  of  maximum  concentration  [2],  the  degree  of  solvation  of  the  polar  groups  by  the  aqueous  phase 
and  of  the  hydrocarbon  chains  of  the  stabilizer  molecules  by  the  aonaqueous  phase,  is  not  the  same,  corresponding 
to  different  values  of  6crit.  for  the  adsorption-solvation  layers  oa  the  droplets.  By  means  o*  one  solvation  lay er  a 
close  Interaction  between  the  adsorbed  molecules  of  the  stabilizer  and  the  droplets  Is  effected,  and  a  second  solva¬ 
tion  layer  on  the  side  of  the  dispersion  medium  prevents  coalescence  of  the  droplets. 


TAb'LE  3 


When  a  soap,  for  example  sodium 
oleate,  i«  dissolved  In  water,  the  latter 


Critical  Salt  Concentrations  in  mole/1  In  Phase  Reversal 


(NHJjCOs  1 

(NHASOa  1 

Nlf,  Cl  i 

NaCl  |  NftjCOj 

uissaL 

0.24 

Ammonium  oleate,  concentration  0,3  mole/1 
0.26  1  0.24-  j  - 

Tr 

|  0.28  I 

lethanolamtoe  oleate,  concentration  0.3  mole/ 

i 

0.26 

0.23 

0.24 

0.29  i  0.24 

1  0.26 

*  ’  crlt 

y  =  .v —  >  1 

"  crit 


hydrates  the  carboxyl  groups  of  the  soap 
molecules,  and  the  thickness  of  this  por¬ 
tion  of  the  whole  protective  layer  is  5'crit>  - 
0,01  p  [4],  The  hydrocarbon  chains,  solva¬ 
ted  by  benzene,  form  the  second  pan  of  the 
protective  layer,  the  thickness  of  which  'as 
also  measured  and  Is  5’crit.  ~  ^>006  1*  [4], 
The  ratio  y  between  the  thicknesses  of  the 
adsorption -solvation  layers  at  the  interphase 
surface  is  the  deciding  factor  in  the  nabiliza 
tton  of  an  emulsion  of  a  given  type.  In  the 
present  case,  for  sodium  oleate 


and  the  disperse  phase  It  benzene,  which  aolvates  the  hydrocarbon  chains  to  a  smaller  extent  than  the  polar  groups 
are  hydrated  by  water. 


By  the  use  of  aqueous  salt  solutions  the  hydration  of  the  polar  groups  Is  sharply  decreased,  and  the  adsorption- 
solvation  portion  of  the  protective  layer  on  the  water  side  will  have  a  thickness  oi  the  order  of  several  molecular 
diametei-s  l.e..  It  will  not  be  capable  of  stabilising  oil  droplets.  It  Is  to  these  conditions  that  the  thickness  of  the 
adsorption-solvation  part  of  the  protective  layer  on  the  bensene  side  predominates,  and  a  waterln-oll  emulsion  Is 
formed,  l  cause 
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**crit 

-  <  1 

6  crlt 


Thus,  the  emulsion  type  is  determined  by  the  ratio  of  the  thicknesses  of  the  adsorption -solvation  layers  on  the 
two  sides  of  the  separation  boundary  between  unlike  liquids,  and  this  ratio  can  serve  as  a  quantitative  measure  of  the 
solvation  of  the  stabilizer. 


TABLE  4 

Values  of  y  and  Types  of  Emulsion 


CHeates 

!  Liquids 

|  Critical  !a^ 

ter  thickness 

!  y 

* - — “*■ - - 

Emu) lion  type 

1 

2 

■E99!fS9Bi 

Sodium 

Water 

Benzene 

0.01 

0.006 

>i 

o/w 

Salt  solutions 

Benzene 

■*0 

0.006 

<i 

w/o 

Arc  moment 

Water 

Benzene 

0.007 

0.003 

>  1  i 

o/w 

Salt  solutions 

Benzene 

♦0 

0. 003-0. 006 

<i 

w/o 

Triethanolamine 

Water 

Benzene 

0.01 

0.002 

>i 

o/w 

|  Salt  solutions 

Benzene 

*0 

0.002-0.012 

<i 

w/o 

The  above  may  be  formulated  as  follows:  the  dispersion  medium  of  an  emulsion  is  the  one  which,  out  of  two 
Immir'lble  pure  liquids  or  solutions,  forms  the  thicker  adsorption-solvation  continuous  coating  at  the  droplet  sur¬ 
faces  either  with  the  polar  or  with  the  nonpolar  portions  of  the  molecules  (particles)  of  **•.  stabilizer.  This  is  suppor¬ 
ted  by  our  experimental  data  on  the  stabilization  of  direct  and  reverse  emulsions  (2),  as  is  shown  in  Table  4. 


SUMMARY 

1.  Phase  reversa*  with  the  aid  of  univalent  cations  has  been  studied  In  emulsions  stabilized  by  alkali  olea’es. 

3,  It  was  established  that  the  critical  concentration  of  salts,  which  precedes  phase  reversal.  Is  a  practically 
constant  value,  which  does  not  depend  on  the  properties  and  the  concentration  of  soa^or  on  the  nature  of  the  elec¬ 
trolyte  added,  with  *  cation  -common  w<th  the  soap. 

3.  ill  was  proved  that  conversion  of  o/w  to  w/o  emulsions  takes  place  w^en  the  solvation- of  the  hydrocarbon 
chains  of  the  stabilizer  molecules  exceeds  the  hydration  of  the  polar  groupa.  When  hydration  of  polar  groups  pre¬ 
dominates,  conversion  of  w/o  to  o/w  emulsions  takes  place. 
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